Background: Diabetic ketoacidosis (DKA) is characterized by a biochemical triad of hyperglycemia, acidosis, and ketonemia. This condition is life-threatening despite improvements in diabetic care. The purpose of this study was to evaluate the clinical and biochemical prognostic markers of DKA. We assessed correlations in prognostic markers with DKA-associated morbidity and mortality. Methods: Two hundred and seventy patients that were hospitalized with DKA over a period of 2 years were evaluated clinically and by laboratory tests. Serial assays of serum electrolytes, glucose, and blood pH were performed, and clinical outcome was noted as either discharged to home or death. Results: The analysis indicated that significant predictors included sex, history of type 1 diabetes mellitus or type 2 diabetes mellitus, systolic blood pressure, diastolic blood pressure, total leukocyte count, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, blood urea nitrogen, serum creatinine, serum magnesium, serum phosphate, serum osmolality, serum glutamic oxaloacetic transaminases, serum glutamic pyruvic transaminases, serum albumin, which were further regressed and subjected to multivariate logistic regression (MLR) analysis. The MLR analysis indicated that males were 7.93 times more likely to have favorable outcome compared with female patients (odds ratio, 7.93; 95% confidence interval, 3.99 to 13.51), while decreases in mean APACHE II score (14.83) and serum phosphate (4.38) at presentation may lead to 2.86-and 2.71-fold better outcomes, respectively, compared with higher levels (APACHE II score, 25.00; serum phosphate, 6.04). Conclusion: Sex, baseline biochemical parameters such as APACHE II score, and phosphate level were important predictors of the DKA-associated mortality.
INTRODUCTION
Diabetes mellitus is a clinically and genetically heterogeneous group of metabolic disorders that manifest in an abnormally high level of glucose in the blood. The hyperglycemia is a result of an insulin secretion deficiency caused by pancreatic β-cell dysfunction or resistance to the action of insulin in liver, adipose tissue, and muscle or a combination of these issues. Diabetic ketoacidosis (DKA) is a serious and potentially life-threatening complication of diabetes mellitus [1, 2] . It is characterized by a triad of hyperglycemia, high anion gap metabolic acidosis, and ketonemia and represents a state of insulin deficiency and concurrent elevation in counter regulatory hormones [2] . The annual incidence ranges from 4.6 to 8 cases per 1,000 diabetic patients. DKA is associated with a mortality rate of 2% to 10% [2] , while the mortality rates of hyperglycemic emergencies in SubSaharan Africa and Asia range from 30% to 44% [2, 3] . The estimated mortality rate of DKA ranges between 5% to 10%, and the rate of hyperosmolar hyperglycemic syndrome varies from 10% to 50% [4] . DKA occurs more commonly in patients who have type 1 diabetes mellitus (T1DM) compared with patients who have type 2 diabetes mellitus (T2DM) [5] . However, recent data suggest that African American and Hispanic patients with T2DM are more likely to develop DKA than their Caucasian patient counterparts [6, 7] . Management is directed to treating the precipitating factors and correcting dehydration, hyperglycemia, and electrolyte abnormalities. Despite all of the available guidelines, DKA continues to be inadequately managed, even in teaching hospitals [8, 9] . This study evaluated the clinical and laboratory parameters that affect DKA outcomes at a tertiary care center. The primary objective of this study was to correlate final outcome with different confounding covariates (demographic characteristics, clinical characteristics, biochemical parameters) at presentation (admission).
METHODS
This study was conducted in the Department of Medicine and Endocrinology Unit of the Department of Medicine at a tertiary care center in the northern part of India, over a study period of 2 years, from July 2012 to June 2014. Patients were included if they fulfilled all of the following criteria: serum glucose >13.9 mmol/L (>250 mg/dL, enzymatic method), serum bicarbonate concentration <18 mmol/L, arterial pH <7.30 (selective ion exchange method), and ketonemia (3 mmol/L) and overt or significant ketonuria (more than 2+ on standard urine sticks). Postcardiopulmonary resuscitated patients, other hyperglycemic states (impaired glucose tolerance, stress hyperglycemia), other ketotic states (alcoholic ketosis, starvation ketosis), other metabolic acidotic states (lactic acidosis, hyperchloremic acidosis, salicylism, uremic acidosis, drug-induced acidosis) and patients that did not consent were not included. Informed consent was obtained from every patient before study inclusion. The study was approved by the Local Ethics Committee.
Patient evaluation
Patients were evaluated on the basis of history and physical examination (general and systemic), and appropriate investigations were performed, based on patient status, including hemoglobin, total leukocyte count (TLC), differential leukocyte count, platelet count, hematocrit, fasting lipid profile, random blood sugar (RBS), pH, sodium, potassium, ionic calcium, magnesium, phosphate, bicarbonate, serum urea, serum creatinine, hemoglobin A1c (HbA1c), fasting and postprandial blood sugar, liver function test, bilirubin, serum glutamic oxaloacetic transaminases (SGOT), serum glutamic pyruvic transaminases (SGPT), serum protein, serum albumin, C-reactive protein (CRP), thyroid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), and serum lipase.
Additional testing was performed as needed, including an electrocardiography, to search for the source of infection, in addition to routine urine and microscopy tests and culture sensitivity, blood culture and sensitivity, sputum culture and sensitivity, and a chest X-ray. After initial patient evaluation and investigations, the patients were graded according to Glasgow Coma Scale (GCS) and Acute Physiology and Chronic Health Evaluation II (APACHE II) scoring systems.
Methodology
Two hundred and seventy patients that were hospitalized with DKA over a period of 2 years were evaluated based on clinical and laboratory tests. They were managed with standard care that included insulin, intravenous fluids, and appropriate supportive care. Serial assays of serum electrolytes, glucose, and blood pH were analyzed and correlated with clinical outcomes of either discharge to home or death (Fig. 1) .
Statistical analysis
Continuous data were summarized as mean±SD, while discrete (categorical) data are reported as number and percentage. Two continuous independent groups were compared by parametric independent Student t test, and the significance of the parametric t test was validated with the nonparametric alternative MannWhitney U test, where appropriate. Discrete (categorical) groups were compared by chi-square tests. Predictors of final outcome were evaluated using multivariate logistic regression analysis. A two-sided (α=2) P<0.05 was considered statistically significant. All analyses were performed on STATISTICA software version 17 (StatSoft Inc., Chicago, IL, USA).
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RESULTS
The study evaluated clinical and laboratory parameters that affect DKA outcomes at a tertiary care center. A total of 270 patients were recruited and evaluated. The comparative details are summarized below. Table 1 , Fig. 2 show the age and sex distributions of patients included in this study. The ages of study subjects ranged between 13 to 80 years with a mean±SD of 38.99±18.32 years and a median of 39 years. The majority of patients were younger than 40 years (54.4%) and were male (51.1%). At the final evaluation, a total of 189 patients were discharged (70.0%), while 81 patients were deceased (30.0%). 
Demographic characteristics
Precipitating factors
Precipitating factors are shown in Fig. 3 . Many patients experienced sepsis (infection) as a precipitating factor (60.0%), and there was also a high incidence of pneumonia (34.4%). Other precipitating factors were noncompliance (18.9%), acute pan- Table 2) .
Biochemical profile
Biochemical features of blood urea, serum creatinine, serum magnesium, serum phosphate, SGOT, SGPT, and serum albumin were found to be significantly (P<0.05, P<0.01, or P<0.001) associated with the final outcome or differed significantly between the two outcomes. However, hemoglobin, platelet count, hematocrit, HbA1c, serum sodium, serum potassium, serum calcium (total), serum calcium (ionic), CRP, T3, T4, TSH, serum cholesterol, triglycerides, serum high density lipoprotein, serum low density lipoprotein, serum very low density lipoprotein, serum bilirubin, serum alkaline phosphatase, and serum protein were similar (P>0.05) between the two outcomes, i.e., did not differ statistically (Table 3) . TLC and serum osmolality were both significantly (P<0.05 or P<0.001) associated with final outcome. Patients with TLC ≤16,000.0 (median cutoff) and serum osmolality up to 320.0 Osm/mL at presentation had sig- Values are expressed as mean±SD. CRP, C-reactive protein; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; VLDL, very low density lipoprotein; SGOT, serum glutamic oxaloacetic transaminases; SGPT, serum glutamic pyruvic transaminases; SALP, serum alkaline phosphatase.
DISCUSSION
In our study, a total of 270 patients were enrolled with the aim to evaluate the clinical and biochemical prognostic markers of DKA and to correlate prognostic markers with mortality. At final evaluation, of the 270 patients, 189 patients were discharged (70.0%), while 81 patients were deceased (30.0%). These results contrasted with the studies by Ellemann et al. [10] , where mortality rates ranged from 2.5% to 9%. This may be because the aforementioned study had mortality rates that were reported and associated with DKA alone and excluded mortality attributable to factors that precipitated DKA. Other factors that contributed to higher mortality in the present study could be due to limited resources in developing countries, greater patient load in tertiary care health centers, and late referrals [11] . The mortality in patients with DKA is rarely caused by metabolic complications of hyperglycemia or metabolic acidosis and is usually related to underlying medical illnesses that precipitate the metabolic decompensation. In another study conducted by Oschatz et al. [12] at the Department of Emergency Medicine, Vienna General Hospital-University of Vienna Medical School, Austria, the mortality was 29% in patients with DKA, which was similar to the results of our study.
In our study, sepsis was the most common precipitating factor of DKA and was identified in 60% of cases. Pneumonia (34%) and urinary tract infection (20%) accounted for the majority of infections. Other conditions that precipitated DKA were noncompliance (18.9%), acute pancreatitis (8.9%), myocardial infarction (6.7%), stroke (4.4%), and others (1.1%). Umpierrez et al. [13] also stated that "infection is the most common precipitating factor for DKA, occurring in 30% to 50% of cases. Urinary tract infection and pneumonia account for the majority of infections," which supported the results of this study. However, in a study conducted by Randall et al. [14] , insulin discontinuation (non-compliance) was the leading precipitating cause in 68% of patients; other causes were new-onset diabetes (10%), infection (15%), medical illness (4%), and undetermined causes (3%). Values are expressed as number (%). RBS, random blood sugar; TLC, total leukocyte count.
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Patient age in the present study ranged between 13 to 80 years with a mean±SD of 38.99±18.32 years. In addition, 54.4% of the patients were younger than 40 years, and subjects were predominantly male (51.1%). Kitabchi et al. [5] found that most patients with DKA were between the ages of 18 and 44 years (56%) and 45 and 65 years (24%), with only 18% of patients <20 years of age. Barski et al. [15] concluded that advanced age was an independent predictor of mortality; however, in the present study, the final outcome was not statistically significantly associated with age, although the favorable outcomes were 23.8% higher in the lower age (<40 years) group than the higher age (≥40 years) group. This may be due to the small sample size, indicating that additional larger studies are needed. Favorable outcome was found significantly associated with sex in this study and was significantly higher (33.4%) in males compared to females. The possible reasons for increased mortality in females might be attributable to decreased health seeking behavior among females and because decision-making power lies with the male sex in our country, which can lead to very infrequent visits to primary care health center for disease treatment, which cause late referrals of female patients to tertiary care health centers. The MLR analysis found that sex was a significant and independent predictor of final outcome. The MLR analysis further revealed that males had a 7.93-fold higher favorable (discharged) outcome compared to females. We did not identify any other studies that correlated sex with mortality in DKA patients. Additionally, patients with T2DM had significantly poorer outcomes (36.5% vs. 59.3%, χ 2 =3.98, P=0.046) than patients with T1DM in DKA. Barski et al. [15] also reported similar results and indicated that "DKA in patients with T2DM is a more severe disease with worse outcomes compared with T1DM." Clinical characteristics of SBP and DBP of patients at presentation were found to be significantly (P<0.001) associated with final outcome. Patients that had lower mean±SD SBP and DBP at presentation, 90±21.28 and 54±13.23 mm Hg, respectively, had significantly (P<0.001) poorer outcomes (death) compared with those that had higher mean±SD SBP and DBP of 110.0± 16.60 and 67.0±11.81 mm Hg, respectively. Similar correlations were also found in studies by Bassyouni et al. [16] and Otieno et al. [17] , who reported that "hypotension was associated with higher mortality rate among patients with DKA."
Patients with DKA may present with altered sensorium. In this study, GCS score was not significantly associated with final outcome; however, the P value was 0.076, which indicated that there is a trend toward better outcome if GCS is high. In the study by Otieno et al. [17] , altered level of consciousness was a major predictor of mortality in DKA patients. Hence, additional, larger studies are needed to show the association between GCS and mortality. The APACHE II score calculated at presentation was found to be significantly (P<0.001) associated with the final outcome. Patients who had higher mean±SD APACHE II score of 25.0±9.74 had significantly increased mortality compared to those with a lower mean 15.0±5.95 score. We were not able to identify any other studies that showed direct correlation between APACHE II score and mortality in DKA. Analysis of the hematological parameters at presentation indicated that there was no significant association with final outcome, with the exception of TLC. Patients with TLC ≤16,000 mm 3 (median cutoff) at presentation had 42.9% better outcomes compared to those with TLC >16,000/mm 3 . According to Slovis et al. [18] , TLC in the range of 10,000 to 15,000/mm 3 is expected in DKA and may not be indicative of an infectious process; however, leucocytosis with cell count >25,000/mm 3 may indicate sepsis and require further evaluation. Leucocytosis in DKA is attributed to stress and may be correlated with elevated levels of cortisol and norepinephrine [19] . Because TLC >25,000/mm 3 indicates sepsis, patients with DKA that also have sepsis have increased mortality, a finding supported by Oschatz et al. [12] . Biochemical features including BUN, serum creatinine, serum magnesium, serum phosphate, N-terminal prohormone of brain natriuretic peptide, SGOT, SGPT, and serum albumin were found to be significantly (P<0.05, P<0.01, or P<0.001) associated with final outcome or differed significantly between the two outcomes. Increased levels of BUN and serum creatinine at presentation were found to be significantly associated with increased mortality. According to Otieno et al. [17] , "all patients in the study who died had poor renal functions." The same result was reproduced in the present study. In this study, increased level of serum phosphate at presentation was associated with increased mortality. Additionally, MLR found that serum phosphate was a significant and independent predictor of final outcome. Kebler et al. [20] also concluded that hyperphosphatemia is common in DKA, prior to therapy. The increase in serum phosphate is likely to be due to a transcellular shift. Potential factors of this shift include serum glucose, through its osmotic effect, and organic anions. In another study by Shen and Braude et al. [21] , it was concluded that initial hyperphosphatemia is reflective of intravascular volume depletion and prerenal renal impairment. However, correlation of serum phosphate with mortality has not been studied in the available literature, suggesting the need for further studies.
Serum osmolality was significantly associated with final outcome. The patients with serum osmolality ≤320.0 mOsmol/kgwater at presentation had significantly better outcomes (42.9%) than patients with serum osmolality ≥320.0 mOsm/kg. Jayashree and Singhi et al. [22] concluded that serum osmolality at admission was the most important predictor of mortality. In the present study, increased levels of SGOT, SGPT, and serum magnesium and decreased level of serum albumin were also significantly associated with increased mortality. However, there is a lack of studies for comparison; therefore, additional studies are needed to conclude any association with final outcome. Finally, HbA1c, pH, CRP, serum lipase, thyroid profile, and lipid profile were similar (P>0.05) between the two outcomes, and no statistically significant correlations were identified.
In conclusion, DKA is characterized by a biochemical triad of hyperglycemia, acidosis, and ketonemia. It continues to be a life-threatening condition despite improvements in diabetic care. Timely identification and intervention are imperative for adequate treatment. This study determined that sex, baseline biochemical parameters such as the APACHE II score, and phosphate level were important predictors of DKA-associated mortality.
This was a cross-sectional study, and patients were assessed at the time of admission and during the hospital stay based on stimulated C-peptide level and by positive glutamic acid decarboxylase 65 and islet cell antibody levels to classify them with T1DM or T2DM. We did not follow the patients after discharge, so we were unable to determine if patients switched to oral hypoglycemic agents or remained on insulin.
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